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Technical  Memorandum  No.  GW  213 
rjeptember,  1953 


ROYAL  AIRCR.AFT  HoTA^LIGraff^NT.  FARIBOROUGH 


The  Aileron  Power  and  Roll  Damping  of  the 
H.T.V.2  ,13  deterained  from  Plight  Measurements 


by 


F.  G.  Chann-in 


sisal  ARY 

The  roll  motion  of  -in  R.T.V.2  has  been  analysed  to  determine  the 
aileron  power  and  roll  damping  of  the  R.T.V.2  over  a range  of  Mach 
numbers.  The  results  of  this  analysis  together  with  some  theoretical 
extrapolation  of  the  results  are  presented. 


V ^ ! 

■ ^ 

i . 

.1". 

V.  • 

, > i ''  . ; ' 

\ . 

* V • 

'''  , V \ 1 ' '■ 

, ■ \i  i i 1 ' 1 i 1 1 >E 

t ^ 

1 . 

i { 

.noN  '■ 
Mi  l '.{1  i 

r : ■.,^'>1'. 

. ’ 1 
\ , , 
■.  \'' 
i.i'A  1 

; : < \ t ! 1 .r  MG '1  P 

' 1 1 11  ■; \ 

1 : i.\  1 MAIN  ! \1N!  I> 

in  VI ‘E 

\ 1 

i,;>  K- 





CONFIDENTIAL 


CONFIDENTIAL 


Technical  Memo.  No.  GW  213 

LI3T  OF  CC.'.'TENTS 
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2 Delermination  of  r.ileron  Pov/er,  and  Roll  Dambin^ 

3 Discoaoion  of  Koa.ilta 

V.1  .lilcrcn  Pcv/o:' 

3.2  Roll  la.T.tir,; 
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R.T.V.  2 Variation  of  with  M";ch  I'um'cer 

R. T.V.2  Variation  of  with  Mach  Number 

R.T.V. 2 Variation  of  with  iMight  and  Mach  Number 

R.T.V. 2 Variation  of  Lp,  with  Height  'ind  Mach  Number 
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1 Introduction 


In  order  to  obtain  flitiit  raeasuremento  of  the  aileron  power  and  roll 
damping  of  the  R.T.  V.2  ailurona,  ft.T.V.2  round  8 (Trial  Hl2/C/1,  round  1) 
was  fired  with  a programme  of  aileron  deflections  on  two  ailerons.  Roll 
velocity  and  aileron  angles  were  measured  throughout  the  flight  using  the 
R.A.E.  465  m.c.s.  sub-miniature  telemetry  system.  The  roll  attitude  of 
the  vehicle  was  also  measured,  both  by  camera  observations  and  the  4^5  m.c. 
roll  telemetry  system. 

The  variations  of  aileron  deflection,  roll  velocity  and  roll 
altitude  with  tine  wi^re  analysed  to  obtain  the  aileron  power  and  roll 
damping  of  the  R.T. V.2  over  range  of  Mach  numbers  and  the  results  of 
the  analysis  rare  presented  in  this  paper.  A more  detailed  account  of  the 
results  of  the  tri  il,  the  method  of  analysis  employed  and  the  analysis  of 
the  trials  datr'.  will  be  given  in  a future  R.A.E.  Technical  Note. 

2 Determination  of  .■'dl-.ron  Pov/er  -nd  Roll  D'lmoink’ 


The  equation  of  motion  of  a rollin.  projectile  is  taken  to  bc:- 


(1) 


vdicre 


F 

T 


projectile  morunt  of  inertia  in  roll 
roll  'utgular  velocity 
roll  torque  {)or  unit  rate  of  roll 
aileron  deflection 

roll  torque  per  unit  '.ileror.  deflection 

roll  torque  due  to  misa-lignments 

total  roll  torque  due  to  aileron  deflection  and 
misalignments. 


Roll  velocity  and  aileron  deflection  were  rneasared  continuously 
during  flight,  a prograixie  cf  deflections  of  two  ailerons  being  used. 


The  programme  was:- 


t = 

0 

to 

t = 

0.5 

sec* 

= +2.5° 

t = 

0.5 

to 

t = 

1.C 

sec. 

'■r> 

= -2.50 

t = 

1.0 

to 

X ^ 

1.5 

sec. 

= +2.0C 

t = 

1.5 

to 

t = 

2.0 

sec. 

= -2.0° 

et. 

seq. 

In  order  to  check  the  calibration  of  the  rate  gyroscope  used  to 
measure  roll  velocity',  the  recorded  roll  velocity  was  integrated  with 
respect  to  time  to  give  change  in  roll  attitude.  This  estimate  of  the 
change  in  roll  attitude  was  then  compared  with  the  roll  attitude  obtained 
from  camera  and  roll  telemetry  observations.  The  moasurements  of  roll 
attitude  obtained  from  camera  and  roll  telemetry  observations  were  in  good 
agreement  with  each  other,  and  were  assuned  to  bo  subject  only  to  random, 
i.e.  non  systematic  error.  Vfith  this  assanption,  tho  comparison  of  the 
integral  of  recorded  roll  velocity,  and  the  observed  roll  attitude  enabled 


- 3 


CONFIDENTIAL 


CONFIDENTIAL 


Technic'il  Memo*  No.  GW  213 


scale  error  (8pj)  ’.nd  zero  error  1.2  rud/av^;  on  the  records  of  the  roll 
velocity  to  be  removed.  'Ihis  procedure  -llowed  the  scale  of  the  records 
of  the,  roll-velocity  fyroscopu  to  be  obt:iinc>d  to  .an  accuracy  of  rather 
b<  tter  than 

Usinj  the  corrected  values  of  the  roll  velocity  the  following 
pi'inciple  wa.s  used  to  determine  the  aileron  povA.r  and  roll  d'anping,  from 
records  of  roll  velocity. 

It  is  assumed  that  during  a period  of  time,  ht  say,  v/hen  5 is 
const'uit,  Lp,  Ln,  arc  also  constant,  'eith  these  assumptions  inte:- 
gi’ating  equation  (l)  over  a finite'  period  of  time  6t,  We  obtain 


t+  fit 


A(pt+5t  " Pt)  - ^ / F dt  = 


T 6t 


(2) 


t+6t 


Th.,'. 


,.ie  period  e.  tiii;e  si,  plottia,.,  Pt+6t  " ?t 


p dt 


I 


p dt  = 0. 


for  diffei'ont  va.lccs  of  t,  b'ut  keeping  5t  constant  we  obtain  a straight 

t+  t't 

line  of  sloDO  , and  intercept  — bt  when 

A A 

t+6t  '' 

r 

In  practice  the  definite  integral  j p dt  can  be  evaluated  with 

t 

sui'ficient  accuracy  by  using  traiiezoidal  summation,  providing  the  time 
interval  between  successive  values  of  p used  in  the  sunr-.ation  is  small 


come  area  with  — . 

The  values  of  p obtained  from  I.V.V.2  round  8,  vdicn  treated  in 
this  v/ay  did  in  fact  give  good  straiglit  lines,  and  from  these  lines,  Lp, 
and  T WLi'e  obt.ained.  ivs  a syrmw. tilc.al  aileron  programme  was  used  Lq 
could  be  eliminated  from  alt.rnato  values  of  T,  and  and  I^ 

determined. 


The  value  of  Lq  is  e’quivilent  to  1”  of  aileron  deflection  on  two 
ailerons. 

Pigs. 2 and  3 give  and  gp.  as  functions  of  Mach  number,  where 


L i'  1*P 

_ i ; g . ; 

g p dS  2 0V  d^S 

n 

S = body  maximum  cross-sectional  area  = 1*57^  ft^; 

d = body  maximum  diamotor  ^ 1.4-17  ft* 

Computed  values  of  and  Lp  obtained  from  tte  experimental  data 
are  plotted  in  figures  4 and  5 respectively,  as  functions  of  Maoh  number 
and  height,  tables  of  the  'I.C.A.N. ' standard  atmosphere  being  used  to 
obtain  the  variation  of  ^ p v2,  and  ;tpv  with  Mach  number  iind  height. 
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3 Dir.cuosion  of  R.;jultii 

Ccnsidcr\ticno  of  tte  errors  in  the  cxpoilmorital  data  suggest  that 
C:^  and  Lj  are  accurate  to  about  +7-’  and  Ip  ^-nd  Le  arc  accurate  to 
about  +15>’.'  “ ^ 

,5. 1 Ailo  I'on  Po'./er 

In  the  expcriraontal  values  of  ’.ogether  with  theoretical 

ostir.v.tee  of  the  values  of  t '■  aro  shov.Ti. 

The  ahcrretica.l  val'Xs  vajiv  obtained  by  calculating  the  lift  on  the 
’.ilorons,  '.ss'tr.ing  full  roo^  loss  at  the  ju.nct'uTL  of  the  ■-ilcrons  with  the 
bod}',  but  iiT-orin.;.  .any  interaction  of  the  iileron;!  with  each  other. 

dCv 

Nev;  th^  olenaor  body  value  of  the  -ailoron  oovrt.r,  astauming  il  = 

, i'or  c ',ch  aileron  v/here  JA  is  the  a.ar.-.ct  r atio  of  each  .aileron, 

2 

and  Tie  intcr-.cti^r.  betwaor.  the  -ailerons  is  e^  = -22.5,  v.'hcrcns  thc 

curresreniir.,. : vlue  of  fy  letermintd  experiment  ally  i.e.  at  M = 1,  is 

l. +.5.  Further,  the  experimental  vdues  of  Cr  '-ppear  to  tend  towards  the 
theoretic  -.1  v.lu.j  t M = 1.4* 

1'^  is  telieVeu  that  the  tendency  i'er  the  ex:  .'iT.ent  1 results  te  bo 
boleV/  tlie  theeia, tical  results  "t  the  lower  Mach  numbers,  but  tv  apprj.ach 
them,  at  trie  '.ieiasr  Mach  number.-;  is  due  t,  inter. ctisr.  betavcon  c.ach  nilcrsn 
and  tba.  tvm  .t  rirJit  angles  it. 

It  \n.ll  be  shov.r.  in  .a  futur-o  K.A.E.  Technical  .’Istc  that  such  an 
inter. cticr.  is  gevrr.et.-ic  ally  pcssisle  at  Mach  nur.bers  less  than  approxi- 

m. -.atoiy  '.3.  Ihi.;  lo.s.;  o:‘  ilea’or.  tov.-c."  ha.^  boon  noted  olscvdiore^. 


3.2  hell  J'.T.ein.t 

The  experiment  .1  v ariatior.  of  Iti  with  ll.ach  number  is  shown  in 

Fir. 3. 

The  h.T.V.2  a-inr.s  ai'c  cr'cppcu  aelt..-v.lngs  with  a net  span  of  44*8", 
root  cherd  of  5' -C'  _r.d  tap.  chord  cf  29.2",  the  loading  edge  being  swept 
I .ok  at  432.  It  is  aifficul  te  estim  ate  gp  theoretically  for  such 
wings  for  the  r-ange  of  M.'.ch  nui.abe-rs  covered  cy  the  experiment,  but  slender- 
body  thcor/  docs  en  able  us  to  estimate  for  M = 1.0,  the  theoretical 

values  bein.  shovn  in  Fig.,'.  Ihs  lower  value  is  that  for  the  wings  aalone, 
and  the  upper  value  ir  for  the  wings  and  tail,  assuming  that  the  tail  is 

50;.’  effective. 

As  can  be  seen  from  Fig. 3 the  e xpe ilmon tol  v.alucs  of  <’p  lie 
between  these  two  values. 


- 5 “ 


CONFIDENTIAL 


CONFIDENTIAL 


Tochnic'il  Memo.  Uo.  GW  21 5 


No.  Author  Title,  etc. 

1 J.D.  Burc.cas  3rr;g  coel'i'icient  cf  k.  T.V.2  with  v.Tr.p-rouni 

boosts,  ici'ivod  from  flight  moriourcmonts 
K.A.K.  Tech.  Note  No.  GW  224,  Dec.  1952 

2 - H".ndbook  of  Eupersonio  Acrodyn'imio  duto, 

-■ppliorhlc  to  Guided  Weapon  design 
dW/Handbook/l  Section  4.2.0 


Attached: 


Drawings  OiV/p/4691  to  4^95 


Distribution : 

CfflVL 

IP.Vi’E  . copies  through  GW(.'.)3 

DD(E) 

Aero  3 

GW  Industry 

Short  Bros  and  K'.'.rland  5 

AVi  2 

English  Electric 

Vickers  Aamstrong  (Mr.  H.K.  Gardner)  2 
Bristol  Aeroplane  Co.  O.Ir.  Farrar) 
Faircy  ..viation 


~ 6 — 


CONFIDENTIAL 


1 


P/  4M2 


recH.  iiieMO.  QM.  tia. 

FIG  .2.  , f ; 


HACH  NUMBER 

FIG.2.  R.T.V.  2.  VARIATION  OF  Jit  WITH  MACH  NUMBER. 
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FIG.  4.  R.T.V.2.  VARIATION  OF  WITH  HEIGHT  AND  MACH  NUMBER. 
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FIG.  5.  R.T.V.  2.  VARIATION  OF  Lp  WITH  HDGHT  AND  MACH  NUMBER. 
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